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Question 1 (10 Marks) 
 
A string of lights, used for decoration, consists of 25, 2 watt globes connected to the secondary 
side of an ideal transformer. The primary side of the transformer is connected to a 240 Vrms AC 
supply. 
 
a) If each bulb has a resistance of 18ohms when switched on, determine the required turns ratio 
of the transformer if the bulbs are connected in series and again if they were connected in 
parallel. Assume that regardless of how they are hooked up, each bulb is absorbing it’s full 
rated power. (4 Marks) 
 
b) In both cases, what type of transformer is required and why. (1 Mark) 
 
c) For both cases listed in part (a), calculate the current required in the primary side of the 
transformer. (4 Marks) 
 
d) One reason a series connection should not be used in this case is that if one bulb fails and 
becomes an open circuit all the other globes will turn off. Comment on what will happen to 
the brightness of the other globes if one fails open circuit on the string connected in parallel.    
(1 Mark) 
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Question 2 (10 Marks) 
 
You can use a half wave rectifier to charge a battery as shown in Figure 1. It is necessary to add 
resistance to the circuit in order to limit the magnitude of the current. A resistor of unknown 
resistance but rated at 50 Watts is used to limit the current. Assume the forward bias voltage 
drop of the diode is 0.8V and the voltage of the battery is 10.8 volts before it is charged and 
12.0V after it is fully charged. The magnitude of the input voltage, Vm is 20V (i.e. the ac source 




When selecting a diode for this circuit you must be sure that the diode will be able to pass the 
maximum current that the circuit will draw from the source and be able to support the required 
voltage when reversed biased. 
a) What is the peak current that can flow through the diode when the battery is being 
charged? (3 Marks) 
Hint: the instantaneous current should not exceed the specifications of the resistor. 
 
b) What is the maximum voltage that the diode in this circuit can have across it from anode 
to cathode? (4 marks) 
 
c) Sketch on one graph: the voltage from the supply, vs(t), and the charge current, i(t) 
verses time for two complete cycles. On your graph, note all values of interest for both 
waveforms. (3 Marks) 
 
Show all calculations necessary. 
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Question 3 (13 Marks) 
 
The circuit shown below in Figure 2 is used to control the current supplied to the motor such 
that the motor draws currents 0.5A, 0.3A, and 0.1A when the switch is at the high, medium and 
low positions respectively. 
 
Figure 2 
The internal resistance of the motor is determined to be 300mΩ and the motor constant k is 0.5 
volt radians per second (or newton meters per amp).  
a) Calculate the torque generated by the motor for each of the three settings. (3 Marks) 
 
b) For the case when the switch is placed in the high position and the value of resistor R3 is 
given to be 1.7Ω, what speed, in radians per second, would you expect at the output of 
the motor? (4 Marks) 
 
c) When the switch is in the medium position, the back-EMF generated by the motor is 
calculated to be 4.5V, what must the value of resistor R2 be in ohms? (3 Marks) 
 
d) What is the total power absorbed or produced by all components in the circuit when the 
switch is in the medium position? (3 Marks) 
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Question 4 (12 Marks) 
 
Two ac power supplies are connected together in series; 𝑣𝑣1(𝑡𝑡) = 100 sin(120𝜋𝜋𝑡𝑡 + 30°) and 
𝑣𝑣2(𝑡𝑡) = 250 cos(120𝜋𝜋𝑡𝑡 + 150°).  
a) Write both voltages in phasor form. (1 Mark) 
 
b)  Use phasors to find the total voltage across both supplies, 𝑣𝑣𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑡𝑡) = 𝑣𝑣1(𝑡𝑡) + 𝑣𝑣2(𝑡𝑡) and 
then express 𝑣𝑣𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑡𝑡) in the form 𝑉𝑉𝑚𝑚 cos(𝜔𝜔𝑡𝑡 + 𝜃𝜃). (2 Marks) 
 
The impedance of the various circuit components, calculated at 𝜔𝜔 = 500 radians per second is 
shown below in Figure 3: 
c) Calculate the total impedance between nodes a and b. Show all necessary steps. (3 
Marks) 
 
d) A voltage, 𝑣𝑣𝑖𝑖𝑖𝑖(𝑡𝑡) = 340 cos(𝜔𝜔𝑡𝑡 + 60°) is applied to node a with respect to node b. 
Calculate the current flowing through the circuit element with impedance 𝑗𝑗20Ω. (3 
Marks) 
 
e) Is this current leading or lagging the voltage, explain your answer. (1 Mark) 
 
f) The circuit element with impedance −𝑗𝑗25Ω is a capacitor. What is its capacitance in 
farads? (2 Marks) 
 
Figure 3. 
 
